6]. Moreover, even in the absence of visible traces of microorganisms in the explant culture the efficiency of multiplication and rooting of the perennial microshoots is often low [7, 8] which can also result from a misbalance of endophyte bacterial communities [3] .
Endophytic microorganisms contribute to growth and development of the host plant through production of phytohormones, better transport of water and nutrients, activation of biological protection mechanisms and induction of systemic resistance to phytopathogens [9] .
The metabolic activity and the nature of the plant cell wall play a key role in the colonization of the host plant by microorganisms [10] . At different stages of colonization, the plant innate immunity is suppressed by phytohormonal signaling, which leads to better compatibility between the endophyte and the plant [11] . According to the latest data, plants and microorganisms coevolve, and, probably, even in "aseptic" in vitro tissue culture, there is no plant free from microorganisms [12, 13] .
This data has been confirmed in numerous works, including in our studies, which mark visually the appearance of microorganisms in aseptic Pelargonium, Citrus spp., Camellia sinensis, Hydrangea macrophylla cultures and many other perennial species in multiple subcultivation [14, 15] The localization of microorganisms in the host plant is different: they occur in the apoplast, the intercellular spaces, the lumen of differentiated dead cells (sclerenchyma and xylem cells) of organs (roots, branches, leaves, flowers, fruits and seeds) and very rarely inside the cell [16] .
The first reviews related to the application of microorganisms in cultures of in vitro plant tissues were published by J. Novak [17] and M.K. Rai [18] . J. Novak coined the term "biotization" and summed up the positive examples of its use in the plant micropropagation. The second article gives examples of mycorrhization in cultivated in vitro plants, deals with the problems of finding strains, obtaining a pure culture and the possibility of using mixed fungal cultures. The recently published review of the Russian colleagues focuses on identification and classification of bacterial microorganisms, their possible role in the culture of in vitro explants [5] . After that, the reviews on the positive results of the bacterial and fungal endophytes use in multiplication of in vitro plants have not been published. Filling the gap, we have summarized the progress made in recent years in biotization of in vitro plant cultures by fungal and bacterial microorganisms, and have identified promising areas of research in this field. In addition, in our review we briefly touch upon mechanisms to foster plant growth and defense reactions with the help of endophytic microorganisms.
Bio stimula tio n a n d b io p r o te ctive p o te n tia l o f in vitr o micr o o r g an isms. For plant micropropagation, the researchers used a wide range of microorganisms, fungi and bacteria. [40] were studied. Bacterial in-oculation resulted in increased fresh and dry weight of shoots and roots, plant height, leaf area and rhizome mass [19, 20] , better in vitro rooting (number and length of roots) [30] , best adaptation (the percentage of acclimatization, the appearance of the plant) [41] , early flowering and increased number of flowers, increased resistance to stress and immunity [42] ; moreover, there were differences in profiles of metabolites [43] .
The beneficial impact of microorganisms on the growth and biomass accumulation is due to the improvement of nutrient absorption by plant tissues and the production of various secondary metabolites, growth regulators [45], chitinolytic enzymes involved in protection against pathogens [46] and osmoprotectants, by which plants overcome abiotic stresses [47] . Below, some mechanisms and examples of biostimulation will be discussed in more detail.
Plant growth can be improved directly due to secondary metabolites and phytohormones produced by the microbial endophyte cell. For example, Streptomyces atrovirens ASU14 uses tryptophan and synthesizes indoleacetic acid IAA (22 µg/ml) [47] . Auxin-like activity was also observed in pteridic acid, which is synthesized by S. hygroscopicus TP-A0451 -endophyte of Pteridium aquilinum plant (L.) Kuhn ex Decken (Commom Bracken Fern) [48] . This substance stimulates the elongation of roots and the formation of adventitious roots in hypocotyls of Phaseolus vulgaris pinto bean. Another class of compounds produced by certain endophytes is gibberellins [49] . Strong growth stimulating influence of many endophytes is also due to the fact that they can turn plant exudates and macromolecules into forms digestible by other growth stimulating microorganisms, which is one of the mechanisms of plant growth biostimulation [50] .
Microcuttings of Pinus pinaster Sol. and P. sylvestris L. pines rooted more effectively in the processing by Hebeloma cylindrosporum Romagnesi strains [51] , and spontaneous rhizogenesis of Larix eurolepis larch microcuttings obtained from somatic embryos increased significantly in the presence of four ectomycorrhizal fungi, while the length and the degree of root branching increased [52] . Another study shows the influence of Achromobacter xylosoxidans AUM54 and indolyl-3-butyric acid (IBA) on the growth of in vitro Naravelia zeylanica (L.) DC medicinal plant. A. xylosoxidans is a diazotrophic endophytic bacterium, which showed a pronounced ability to enhance the uptake of NO 3
 by roots and reduce the content of ethylene (presumably due to the production of deaminases) [53] . Plant processing by these endophytic bacteria in combination with IBA improved the growth of shoots propagated in vitro, increased the length and the number of roots, the content of chlorophyll, nitrogen, antioxidant enzymes (peroxidase and superoxide dismutase) and enhanced resistance to stress (ethylene level) compared to the indicators in the untreated control. In the separate application of bacteria and IBA, a positive effect was much weaker [29] . In case of in vitro plant inoculation of Elaeis guineensis Jacq oil palm with Acetobacter diazotrophicus and Azospirillum brasilense diazotrophic rhizobacteria, there was strengthening of roots and shoot growth through fixing atmospheric nitrogen [28] . A. brasilense was more effective than A. diazotrophicus. Inoculation of micropropagated Handroanthus impetiginosus (Mart. ex DC.) Mattos plants with A. brasilense strains of Cd and Az39 stimulated in vitro rooting, reducing the need for auxin by 49 % on MSG half medium [30] . On this medium, Cd strain in combination with IBA (30 µM) induced root formation in 98 % of the shoots 21 days earlier than in the control without inoculation. The biomass index of inoculated shoots increased from 127 to 286 %.
Plant inoculation with endophytic microorganisms influenced positively not only the root formation, but the increase of in vitro plant biomass, the multiplication coefficient and the synthesis of biologically active substances. Thus, subtracting nitrogen-fixing bacteria from sugar beet and their positive impact on the growth of micropropagated plants was described [36] . Two nitrogen-fixing bacterial isolates (SC11 and SC20; 10 6 CFU/g of dry weight) were obtained from shoots and two ones (SR12 and SR13; 10 7 CFU/g of dry weight) -from roots of plants in the open ground. Isolates identified as Enterobacter sp. produced IBA in pure cultures, and its synthesis increased on a nutrient medium with tryptophan. These isolates were used for inoculation of micropropagated plants. The maximum increase in the weight of roots and shoots and the most active nitrogen fixation were observed in case of SC20 strain. In the study of in vitro growth and the terpene synthesis, Mentha piperita peppermint in response to the inoculation of leaves with fungal endophytes had an increasing plant growth, increased leaf area, dry matter content, root biomass and higher menthol content [24] .
Non-pathogenic strains of Paenibacillus glucanolyticus, Curtobacterium pusillum and Methylobacterium extorquens bacteria were isolated from the tissue culture of hosta and raspberry plants [54] . With these bacteria, the microshoots of chrysanthemum Chrysanthemum ½ hortorum, gerbera Gerbera jamesonii, hosta Hosta japonica and rose Rosa sp. were inoculated. C. pusillum bacteria stimulated the formation of lateral shoots in all studied genotypes. In the inoculation of M. extorquens, the number and the length of shoots and roots of gerbera and hosta, and the number of shoots of chrysanthemum were higher; the length of shoots of chrysanthemum and rose and the length of roots of rose were lower than in the noninoculated control. P. glucanolyticus affected the number and the length of shoots of chrysanthemum and gerbera, but the number of roots of gerbera and hosta was lower than in the control without inoculation; the length of roots of rose was just 0.2 cm. All three bacteria strains assimilated atmospheric nitrogen, and M. extorquens and P. glucanolyticus also synthesized IBA.
Biofertilization with microorganisms increases the vitality of multiplied in vitro plants at the stage of ex vitro acclimatization. For example, in studies of Czech scientists [20] from the roots of several host plants belonging to Ericales (Vaccinium sp., Calluna sp., Rhododendron sp., Empetrum sp., etc.) row, over 200 strains of endophytic fungi have been allocated. In these experiments, 10% of the identified strains proved to be effective and influenced positively the growth of micropropagated plants of rhododendron species (Rhododendron sp.) during ex vitro acclimatization in peat substrate. None of the isolates had a negative effect on the growth of host plants. In another study [55] , in the optimization of a scheme for in vitro production propagation of wild indigo Baptisia tinctoria medicinal plant, it was shown that the application of arbuscular mycorrhizal fungi increased the acclimatization percentage of microshoots and rooted microplants.
So, according to the research results, cocultivation of plant microshoots and endophytic microorganisms may be an effective method of overcoming the difficulties encountered in some species during in vitro micropropagation.
Bio p r o te ctive a ctivity o f e n d o p hyte s. The study of the potential of Pseudomonas sp. PsJN rhizobacteria strain as growth promoters and an increase in resistance of Vitis vinifera L. grape to gray rot caused by Botrytis cinerea showed that inoculation leads to a significant increase in plant growth, making them more resistant and viable [56] . The observed effect enhanced in transplantation. Cocultivation with B. cinerea led to significant differences in the pathogen aggressiveness of inoculated and intact plants. In the presence of the studied strain, the plants became more resistant to the pathogen.
Another good example of bioprotective potential of endophytes is the banana tissue culture [42] . One of the most serious banana viral diseases is a caused by Banana bunchy top virus (BBTV). The treatment of in vitro banana microplants by Pseudomonas fluorescens and Bacillus sp. microbial inocula isolated from the banana roots increased the resistance of plants to biotic and abiotic stresses. For this, the micropropagated banana plants were inoculated with Pseudomonas fluorescens Pf1 and CHA0 strains in combination with EPB5 and EPB22 (Pf1 + CHA0EP + B5 + EPB22) endophytic bacterial strains, which limited significantly the development of BBTV infection in the field (the frequency of contamination was 33.33 %, or by 60 % less than in the control). Production of protective enzymes and proteins was greater, and morphological and physiological characteristics were better in the plants treated with rhizospheric and endophytic bacteria (in particular, the plants responded to treatment with increased growth). In this report, induction of systemic resistance in banana with the help of associated bacteria was demonstrated, which may have practical importance for the development of methods for culture banana protection against BBTV virus [42] .
Some authors have noted that the systemic bioprotective effect depends on the degree of tissue colonization by the microbiota [57] . Thus, in wheat, the observed antagonism of endophytes against pathogenic microflora was more a consequence of the protection mechanisms activation in the host plant, but not the result of direct antagonistic relations in the microbiota [58] . In experiments to study the effect of Neotyphodium lolii endophytic fungus on the induction of specific protection mechanisms, the inhabited plants were much less susceptible to Fusarium poae infection. In perennial grasses inhabited by endophytes, the number of chitinases is significantly higher than in intact plants, and depends on the time of inoculation [59] .
Some endophytes can affect positively the resistance of plants to adverse abiotic factors [60] . Thus, mycorrhizal fungi improve the sodium neutralization under salt stress [61] , which may serve as a mechanism for increasing the tolerance of plants in salinization. A similar technique is used in tissue culture to enhance the plant adaptability to abiotic stress (particularly, to salt one), and some endophytes are considered as useful and effective tools [62] .
Achie ve me n ts a n d p r o b le ms o f id e n tif ica tion a n d use o f e nd o p hyte s in b io te chn o log y. The development of modern methods of microscopy and molecular technologies (e.g., omics technologies) enabled a deeper understanding of interaction in the system of plant -endophytic microorganisms, mechanisms of mutualism and pathogenicity, which is clearly shown by P.R. Hardoim et al. [63] , ecologically and evolutionary justifying the term "microbial endophytes". Sequencing of DNA and RNA has radically changed the approach to the study of microbial communities [64, 65] . The result of the application of these methods has received a lot of new data on the plantassociated microorganisms [66] ; however, there is a problem with the interpretation and the analysis of this huge volume of genetic information for its effective use [67] . Full sequencing of the endophytic metagenome remains a challenge, as it requires separation of the genome of host plant from metagenome of endophytes [68] . A relatively easy technique is the analysis of the composition of endophytic microbial communities using polymerase chain reaction (PCR) enabling to determine the taxonomic composition of such a community and its structure [69] , which, in turn, may reflect functional modifications in the groups of microorganisms [70] .
As an example, we present a study of endophytic bacterial communities of six Prunus avium L. genotypes differing in the growth pattern during in vitro micropropagation [38] . For the analysis of uncultivated fractions of endophytic bacteria, a clone library of amplified 16S rDNA fragments was compiled. The bacterial diversity was investigated using the analysis of restriction fragment length (restriction fragment length polymorphism -RFLP) in ribosomal DNA with clone sequencing for each certain taxonomic unit. For this purpose, 799f and 1492r-Y primers were used to separate amplified 16S rDNA fragments. The purified PCR products were cloned into pJet1.2 vector and were transferred into Escherichia coli DH10B. E. coli ampicillin resistant colonies were selected and tested in PCR using HpaII, HhaI, and BsuRI restriction enzymes. In the result, the dominant group of endophytes proved to be Mycobacterium sp. mycobacteria identified in clone libraries from all analyzed genotypes of Prunus genus. Other dominant bacterial groups of easily propagated genotypes were Rhodopseudomonas sp. and Microbacterium sp. The structure of the endophytic communities differed largely from the easily and hardly propagated in vitro genotypes: in the first one, bacteria groups were identified that stimulate plant growth.
As for the industrial use of endophytes in biotechnology and production of medicines-bioinoculants, the main problem is to find the most effective strain or a combination of strains. Over 80 % of endophytes are not detected in seeding on conventional nutrient media [71] , which creates difficulties in obtaining a pure culture, identification and use of many strains. Besides, you must be sure that the selected endophyte will inhabit the internal plant tissues again and will have a positive effect. Another difficulty is the compatibility of endophytes isolated from one species of plants with plants of another species.
So, one of the innovative approaches recognized by the international experts as promising for an agricultural model under formation is the application of biologized technologies based on natural processes occurring in the soil -plant system. In this connection, plant-associated microorganisms and products of their metabolism are considered as a resource in the development of biotechnologies and their application for effective adaptation and rooting of microclones, as well as in plant protection. During the introduction of plant explants in aseptic culture, they are exposed to stress effects due to tissue damage and treatment with aggressive sterilizing agents, antibiotics, etc. This may be the cause of the sudden appearance of malicious endophytes during following passage. It is unclear until now what factor changes the nature of the interaction of an endophyte with its host, leading to the development of the pathological process instead of mutualistic relationship. The only way to control processes in such systems is the choice of the optimal passage time, optimal cultivation conditions and nutrient medium content to maintain mutualistic symbiosis beneficial for both the host plant and its endophytes.
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